INTRODUCTION
The Russian wheat aphid (RWA), Diuraphis noxia (Mordvilko) is a serious pest of cereals in many areas of the world. Sources of RWA resistance have been found in wheat (Triticum aestivum L.) (Du Toit 1987 ; Webster & Inayatollah 1988 ; Nkongolo et al. 1989 ; Quick et al. 1991 ; Formusoh et al. 1994) and barley (Hordeum vulgare) (Webster et al. 1987 ; Calhoun et al. 1991 a, b) . The inheritance of resistance to RWA in wheat is apparently controlled by several independent dominant genes (Du Toit 1989 ; Nkongolo et al. 1991 a, b ; Saidi & Quick 1996) . The inheritance of resistance in barley was reported to be controlled by a single dominant gene (Robinson et al. 1992) . However, other studies have indicated that resistance is controlled by two dominant genes (Nieto-Lopez & Blake 1994) or recessive epistasis of a dominant gene on an incompletely dominant gene (Mornhinweg et al. 1995) .
Although the RWA capacity to reproduce and cause plant damage in barley is greater than other cereals (Kindler & Springer 1989) , the number of studies conducted concerning the inheritance of resistance in barley seems to be more limited than those for wheat. Since the possible occurrence of new RWA biotypes limit the use of the known genes, * To whom correspondence should be addressed. additional sources of RWA resistance genes are necessary. The objectives of this study were to identify new sources of resistance to RWA in barley and determine the mode of inheritance in resistant sources.
MATERIALS AND METHODS
Seventy-six barley genotypes, including cultivating and local varieties obtained from the Agricultural Research Stations (Karaj, Shiraz, and Kerman) and Iranian Institute of Gene Bank in Iran, were evaluated for reaction to RWA damage. In the initial mass screening test, barley genotypes were planted in a 1 : 1 : 1 soil mix consisting of field soil, sand and peat in 50i25i21 cm flats. Nineteen rows of barley, one row of each genotype, and one row of a local oat variety, as resistant control, were planted in each flat. The experiment was conducted as a completely random design with three replications (a total of 12 flats) in 1995 at the Experimental Station of the College of Agriculture, Shiraz University, Badjgah. One extra replicate, planted without infection, was used as the control. Each row consisted of 10 plants, with 2n5 cm spacing between rows. Seedlings were maintained under a 16-h photoperiod at 28\20 mC day\night.
After seeding, flats were caged to prevent contamination. Cages consisted of a wooden frame with clear plastic sides and a fine-mesh cloth for ventilation. When the seedlings reached the single-leaf stage (4-8 cm tall) they were infested with a culture of RWA at various stages of development at the rate of approximately 1500 RWA per flat as described by Scott et al. (1991) . Aphids were obtained from the Diseases Research Institute, Shiraz (Zarghan) and reared on Valfajr barley. Seedlings reaction to RWA was evaluated by per cent plant height, plant stunting and leaf chlorosis. Per cent plant height was measured as the height in infested flats expressed as a percentage of plant height in uninfested ones (Bush et al. 1989) . Plant stunting was recorded as the difference between initial and final plant height of infested and uninfested flats. Leaf chlorosis was recorded by the rating scale of 1 to 6 (Du Toit 1987) modified by Scott et al. (1991) . Symptom expression of seedlings were recorded when the most susceptible genotype showed severe chlorotic streaking. Data were subjected to analysis of variance (ANOVA) and means were separated by NewmanKeuls test (SAS Institute 1985) . On the basis of plant damage six susceptible and 17 apparently resistant genotypes were selected for further study.
To study the mechanisms of resistance and determine plant resistance indices (PRI), the selected genotypes were subjected to antixenosis, antibiosis, and tolerance tests. In the antixenosis test, the 23 selected genotypes were randomly planted in a circular arrangement in a 19 cm diameter pot (one replication) with 18 replications used in total (Scott et al. 1991) . Before infestation, tall plants were clipped to obtain a uniform height (Baker et al. 1992) . Five aphids per plant were released in the centre of each pot, with aphids being counted after 48 h. To avoid phototactic response of aphids (Webster and Inayatollah 1988) , an empty pot with the same size was placed upside down on top of each pot. The antibiosis test was conducted as a completely random design with five replications. The procedure for antibiosis was described by Webster et al. (1987) except that an initial infestation of three RWA was used instead of five, and nymphs were counted three times weekly instead of once daily. The tolerance test was also conducted as described by Webster et al. (1987) with some modifications. A completely random design with five replications was used. Seeds of each genotype were planted in a pot and thinned to one seedling per pot. Three replications were infested and two replications were maintained without infestation as a control. Plants were infested when they were 4 to 10 cm tall and 10 aphids per plant were used. Aphid numbers were adjusted three times weekly to maintain 10 aphids per\plant. Plant height was measured at the beginning and end of tolerance tests. Leaf chlorosis (Du Toit 1987), per cent plant height, and plant stunting were recorded. Data were analysed using ANOVA (SAS Institute 1985) .
Two lines with the highest (Shz.B-106 and Shz.B-108) and lowest plant resistance indices (Shz.B-105 and Shz.B-107) were crossed in various combinations. Reciprocal crosses were also made. F " , F # and BCF " (backcross to the resistant parent) were obtained in the greenhouse during 1996-98. Parents, F " , F # and backcross populations of each cross were planted in a 3 : 1 : 1 soil mix consisting of field soil, sand and manure in 60i30i10 cm flats. Per cross, one row of each parent, three rows of F " , 17 rows of F # and four rows of BCF " , were planted. Each row contained 10-12 plans with 4 cm spacing between rows. Seeds were grown under a 16-h photoperiod at 28\20 mC day\night.
Seedlings were artificially infested with five aphids placed on a leaf segment and close to the leaf base of each seedling at the one-leaf stage. Aphid damage (leaf chlorosis) was assessed using a 1 to 9 scale as described by Webster et al. (1987) . Symptom expression of susceptible and resistant seedlings in each population were recorded when the susceptible parent showed severe chlorotic streaking. The mode of inheritance of the RWA resistance genes was determined using the one-way classification chi-square test (SAS Institute, 1985) .
RESULTS AND DISCUSSION
The results of initial mass screening test indicated that genotypes were statistically different in respect to leaf chlorosis (P 0n05), per cent plant height and plant stunting (P 0n01). However, on the basis of the classification described by Scott et al. (1991) , neither a highly resistant (leaf chlorosis rating scale of 1 to 1n5), nor a highly susceptible (rating scale of 5n6 to 6) genotype was found. There was a highly significant negative correlation between per cent plant height and plant stunting, indicating that evaluation of one was sufficient for screening. Correlation between other plant damage indices were not significant. The oat variety used as control showed consistency with regard to resistance (damage rating l 1) in all flats.
The 23 genotypes and their damage indices selected for further studies are listed in Table 1 . The main criterion for selecting genotypes was leaf chlorosis. Other damage indices were also considered when genotypes had equal or nearly equal damage ratings. Genotypes with damage ratings of 2n3 to 3n5 were classified as resistant or moderately resistant (Scott et al. 1991) , and were selected. However, there were some genotypes with a damage rating of 3n5 which were not selected, because they had a high per cent plant stunting or low per cent plant height. Genotypes with a damage rating of 4n4 or higher were classified as moderately susceptible or susceptible. Genotype 74B4-4807, with the lowest damage rating of 2n3, was considered resistant. Table 2 shows the results of normalized antixenosis, antibiosis, and tolerance tests and overall plant resistance indices (Webster et al. 1987) for selected genotypes. The Plant Resistance Indice (PRI) ranks the genotypes in term of the combination of their resistance components. Genotypes were significantly different in respect to antixenosis, antibiosis, and tolerance. Genotype 74B4-4807 with the lowest damage rating (Table 1 ) had a relatively high PRI. Shz.B-106 and Shz.B-108 had the highest PRI. The resistance of Shz.B-106 was mainly attributed to its high antixenosis ; however, Shz.B-108 had relatively high resistance components. Shz.B-107, Shz.B-105, and 74B4-4714 appeared to be the most susceptible lines.
Seedling reactions of four different crosses and their F " , F # , and backcross progenies are shown in Table 3 . Three lines were considered resistant, those with ratings of 3 to 5 intermediate, whilst plant reactions of more than 5 were considered susceptible. The F " seedlings of crosses between Shz.B-108 and any of the susceptible lines, Shz.B-105 and Shz.B-107, were resistant to RWA, indicating that resistance was controlled by one or more dominant gene\s. Reciprocal crosses revealed no cytoplasmic effects. The rating scores of F " seedlings were equal or near that of the resistant parent. The F " populations segregated in a 3 : 1 (resistant : susceptible) ratio, suggesting a ' one dominant gene ' mechanism. When F " plants were crossed to the resistant parent, the BCF " progenies were all resistant, providing further evidence that resistance in Shz.B-108 was governed by a single dominant gene. Robinson et al. (1992) Mornhinweg et al. (1995) reported that one dominant and one incomplete dominant gene were responsible for resistance to RWA in a spring barley line. However, Nieto-Lopez & Blake (1994) claimed that two dominant genes confer resistance to RWA in barley.
Further studies should be focused on the comparative allelic relationships of these genes determined by investigators in other similar studies (Robinson et al. 1992 ; Nieto-Lopez et al. 1994) . The results of this study may allow sustainable control of this extremely destructive pest without recourse to pesticides, thereby reducing the impact of these chemicals in the environment as well as reducing the costs of control in the longer term. 
